germanatovanadates with the apatite structure have been prepared by solid-state reactions, by sequentially firing stoichiometric mixtures of PbO, La 2 O 3 (Nd 2 O 3 ), GeO 2 , and V 2 O 5 in air at temperatures of 773, 873, 973, and 1073 K. The effect of temperature on the heat capacity of the resultant polycrystalline samples has been studied by differential scanning calorimetry at temperatures from 350 to 950 K using polycrystalline samples. The experimental C p (T) data have been used to evaluate the thermodynamic functions of the lead lanthanum and lead neodymium germanatovanadates.
INTRODUCTION
Research interest in M 10 (ZO 4 ) 6 X 2 (M = Ca, Ba, Pb, rare earths, and other elements; Z = P, V, Ge, Si, and other elements; X = F, Cl, OH, O) [1] [2] [3] [4] [5] compounds with the apatite structure has been aroused by the fact that they possess various (and sometimes unique) properties of practical importance. In particular, they can be used as sensors, phosphors, and laser materials [6] . An important aspect of the apatitestructure compounds is the possibility of isomorphous substitutions on both the cation and anion sites, which plays an important role in the preparation of novel materials and makes it possible to extend their practical application field. For example, substitution of rare-earth elements for lead in the Pb 5 (GeO 4 )(VO 4 ) 2 compound [7] makes it possible to obtain compounds with the general formula Pb 10 -x R x (GeO 4 ) 2 + x (VO 4 ) 4 -x (R = rare earth, x = 0-3) [2] . Note that the properties of the rare-earth-containing lead germanatovanadates have been little studied: there are data on the structure of Pb 8 La 2 (GeO 4 ) 4 (VO 4 ) 2 [3] and Pb 8 Pr 2 (GeO 4 ) 4 (VO 4 ) 2 [5] . At the same time, data on the thermophysical properties of the Pb 10 -x R x (GeO 4 ) 2 + x (VO 4 ) 4 -x compounds are not available in the literature.
The objectives of this work are to investigate the hightemperature heat capacity of Pb 8 
EXPERIMENTAL
The lead lanthanum and lead neodymium germanatovanadates were prepared by solid-state reactions using oxides as starting chemicals: PbO, La 2 O 3 , Nd 2 O 3 , V 2 O 5 (extrapure-grade), and GeO 2 (99.999%). After calcination, stoichiometric oxide mixtures were ground in an agate mortar and pressed into pellets, which were then sequentially fired in air at 773, 873, 973 (10 h of holding at each temperature), and 1073 K (holding for 60 h for R = La and for 100 h for R = Nd). To drive the solid-state reactions to completion, the samples were reground every 10 h and the resultant powders were then re-pressed, without adding any binder. The phase composition of the samples thus prepared was determined by X-ray diffraction on a PANalytical X'Pert Pro MPD diffractometer (Netherlands) with CoK α radiation. X-ray diffraction patterns were collected using a PIXcel fast detector and graphite monochromator. Figure 1 determined by profile fitting using the derivative difference minimization method [8] .
The heat capacity C p of the compounds (in the form of powders of polycrystalline samples) was determined by differential scanning calorimetry using an STA 449 C Jupiter thermoanalytical system (Netzsch, Germany) and lidded platinum crucibles. The uncertainty in our heat capacity measurements was within 2%. The C p measurement procedure was described in detail elsewhere [9] . The experimental data were analyzed using the Netzsch Proteus Thermal Analysis software package and licensed Systat Sigma Plot 12 graphing software (Systat Software Inc, United States). Table 1 compares the lattice parameters of the synthesized lead lanthanum and lead neodymium germanatovanadates with previously reported data. It is seen that there is satisfactory agreement. Figure 2 illustrates the effect of temperature on the molar heat capacity C p of the lead lanthanum and lead neodymium germanatovanadates. The C p of both compounds is seen to increase systematically with increasing temperature, with no extrema in the C p (T) curves. It is reasonable to assume that the compounds undergo no polymorphic transformations in the temperature range studied here.
RESULTS AND DISCUSSION
The data obtained are well represented by the following equations: Tables 2 and 3 that, above 650 K, the C p of both compounds exceeds the classical Dulong-Petit limit 3Rs, where R is the gas constant and s is the number of atoms per formula unit of the oxide compound. evaluate the thermodynamic functions of the lead lanthanum and lead neodymium germanatovanadates.
CONCLUSIONS

